Postnatal decrease in the oxygen affinity of pig blood induced by red cell 2,3=DPG mammals adapt to the metabolic need for oxygen by decreasing the oxygen affinity of hemoglobin, thus facilitating the unloading of oxygen in the tissues. It is now known that mammals utilize different mechanisms to achieve this postnatal adaptation.
In the sheep and the goat, the postnatal right-hand shift seems to be largely accounted for by the replacement of fetal hemoglobin, with the newly produced adult type having a lower oxygen affinity (4, 8). In man, the fetal and adult hemoglobins show almost identical intrinsic oxygen affinities in the absence of allosteric effecters such as 2,3-diphosphoglycerate (DPG) or ATP. However, the extent to which the oxygen affinities are lowered by DPG or ATP differs greatly, the fetal hemoglobin being less affected than the adult protein (3, 14, 39) . Thus, red cell DPG and ATP play an essential role for the right-hand shift of the oxygen-dissociation curve during the postnatal period in man.
In animals that exhibit no discernible functional disparity between the hemoglobins of the newborn and the adult, such as the pig (9, 28, 30, 37) , the postnatal decrease in the oxygen affinity of blood can only be brought about by changes in the erythrocytic environment of hemoglobin. In this paper evidence will be presented to show that the change in the oxygen affinity of pig blood occurs mainly due to the fourfold increase of red cell DPG levels within the 1st wk after birth.
METHODS

Preparation
of hemoglobins. Neonatal blood (5 ml) was drawn from the hearts of six littermates into a heparinized syringe, and adult pig blood was obtained from the local slaughterhouse.
The blood samples were kept cold in ice until the cells were separated by centrifugation (4,500 X g). Plasma and buffy coat were removed, and red cells were washed 3 times with ice-cold Locke solution.
After hemolyzing the packed red cells by freezing in liquid nitrogen and thawing, the membranes were removed by using toluene.
To strip the hemoglobins of acid-soluble phosphates, the hemolysates were exhaustively dialyzed in stretched Visking dialysis tubes against a solution containing 130 mM KCl, 18 mM NaHC03, and 5 mM MgCl2 at 4°C until the molar ratio of total phosphate: hemoglobin tetramer was less than 0. Fig. 2 that the DPG level of red cells from l-h-old pigs amounted to only about one-fifth of the adult value. Within 1 wk, however, many animals achieved the adult value, and DPG concentrations increased continuously to about 11 pmol/g when animals were 40-50 days old, a level which is slightly higher than the average adult value of 9.6 pmol/,g. Accompanying the initial rapid elevation of DPG content, ATP levels rose from 2 pmol/g at birth to a maximum of 3.5 ,umol/g at the 1st wk and then declined to the adult value of 1.9 pmol/g within 20 days after birth.
Oxygen afinity. In Fig. 3 (Fig. 3 ) now appears to be correlated with the extent of variation in the DPG content (Fig. 2) Figure 5 shows a plot of log P50 versus pH as a function of DPG concentration for'the adult hemoglobin. Clearly, the slope of the 'fines relating log P50 and pH; a measure of the Bohr effect, increases with rising DPG con'-centrations.
The DPG-induced alterations of the Bohr coefficient are separately drawn in Fig. 6 . The Bohr coefficient rose almost linearly from -0.1, in the absence of DPG, to -0.4, at.6 mM DPG. In contrast to the differences observed with fetal and adult hemoglobins from other mammals (7), the oxidation rates of the hemoglobins from newborn and adult pigs were found to be identical (half-times of oxidation of the two hemoglobins : 3.5 rt 0.1 and 3.6 & 0.2 s, respectively; mean values from six determinations & 1 SD).
DISCUSSION
Since the discovery of the effect of DPG on the affinity of hemoglobin for oxygen (5, 1 1), much work has been focused on the elucidation of the molecular mechanism responsible for the postnatal decrease in the oxygen affinity of mammalian blood. It is now known that at least three distinct mechanisms exist : 1) Replacement of the fetal hemoglobin by the adult type, which has an intrinsically lower oxygen affinity, as found in sheep and goat (4, 8) . The transient DPG changes observed in the neonatal sheep and goat red cell seem to exert their effects on the oxyhemoglobin-dissociation curve mainly by a Donnan-mediated decrease of the red cell pH (1, 8, 17) . 2) Replacement of fetal with the adult hemoglobin which is affected to a greater extent by DPG and ATP as shown, for example, in humans (3, 14, 39). The differences in the affinities of the fetal and adult hemoglobin for DPG account almost exclusively for the postnatal shift of the oxygendissociation curve of human blood. 3) Changes in red cell organic phosphate content without alterations of the intrinsic oxygen affinities of hemoglobin throughout the neonatal period, as shown by the present study on the pig. Similar conditions may also prevail in the dog and in the chicken (15, 29) . The latter utilized phytic acid instead of DPG as an allosteric effector for the oxygen affinity of hemoglobin (31). The findings reported here, that the hemoglobins from the newborn and adult pig could not be distinguished in terms H. D. KIM AND J. DUHM of the effect of DPG, intrinsic oxygen affinity, and oxidation by ferricyanide, are in keeping with the previous observations on the pig: that no '<fetal" hemoglobin is formed in the pig and that the red cell in the newborn contains exclusively the adult type of hemoglobin (9, 28, 30, 37) . Since the oxygen affinity of pig hemoglobin is considerably affected by DPG, it seems reasonable to conclude that the postnatal shift of the oxygendissociation curve of the blood is causally related to the change in the organic phosphates in the neonatal pig red cell. In this regard, it is of interest to note that rabbit red cells also show a rapid increase in the DPG content after birth (24). However, unlike the pig, the DPG change is not accompanied by a parallel shift of the oxygendissociation curve (33). In addition to directly affecting the oxygen affinity of hemoglobin, DPG also acts as a nonpenetrating anion, thereby altering the red cell pH (1, 17) . Under the assumption that the relationship between the organic phosphate level and pH derived from studies on human erythrocytes (17) is also valid for pig red cells, it may be possible to estimate the extent of the shift in the oxygen-dissociation curve resulting from the DPG-induced pH change. The increase in the organic phosphate concentration from 13 pmol/g at birth to 33 pmol/g after 50 days would result in a decrease of the red cell pH from 7.20 to 7.03 (plasma pH 7.40), which in turn should increase the P50 by about 2-4 mmHg, depending on the Bohr coefficient applied for the calculation.
In view of the fact that the total change in the P5 0 value of 13 mmHg is far greater than can be accounted for by the pH change alone, the importance of the direct influence of DPG on the oxygen affinity of the pig hemoglobin becomes apparent.
In agreement with observations on man (2, 12, 16, 36) and other mammals (38), it was found that the increase in red cell DPG-levels exerts its influence not only on the oxygen affinity, but also on the Bohr effect of pig hemoglobin.
It is generally assumed that the DPG-induced change in the Bohr coefficient is caused by the action of DPG on the Oz-linked carbamate formation as well as by the effect of DPG on the pK values of hemoglobin residues involved in the preferential binding of DPG to *deoxyhemoglobin (2, 12, 34, 36, 38) . From the data given in Figs. 2 and 6, it may be estimated that the Bohr coefficient in pig blood increases from 0.2 at birth to 0.42 10 days after birth. As a result, the oxygen-dissociation curve is shifted additionally to the right in the peripheral capillaries where the pH is lower than in the pulmonary circulation. Consequently, the rise of red cell DPG levels in the newborn pig decreases the oxygen affinity of capillary blood by three different mechanisms: a) the specific effect on the oxygen affinity, b) the influence on the red cell pH, and c) the action of DPG on the Bohr effect of hemoglobin.
At the moment, it is not known what factors govern the increase of the DPG pool in the newborn pig red cell. It might be possible that the change simply reflects the postnatal ret,iculocytosis or the rate of the replacement of fetal cells with a low DPG content by adult cells having a high level of DPG. The maximum postnatal reticulocytosis observed in 1 -wk-old pigs (2 1) could explain the transient ATP rise. However, it is not known whether the reticulocytes can contribute to the increased DPG levels. 
